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ambles and a message portion. The preambles are a series of
radio frequency power “‘steps” that increase in power
according to the power step setting until the maximum
number of preambles 1s reached or the base station acknowl-
edges. Once the UE receives a positive indication, 1t trans-
mits the message portion of the PRACH which consists of
message data and control data with independent power gain

control.
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METHOD AND APPARATUS FOR POWER
CONTROL OF FIRST DATA TRANSMISSION
IN RANDOM ACCESS PROCEDURE OF
FDMA COMMUNICATION SYSTEM

CLAIM OF PRIORITY UNDER 35 U.5.C. §120

This 1s a continuation application of U.S. application Ser.
No. 13/946,802, filed Jul. 19, 2013, to be 1ssued as U.S. Pat.

No. 9,408,156 on Aug. 2, 2016, which 1s a continuation of
U.S. application Ser. No. 12/489,077, filed Jun. 22, 2009,
1ssued as U.S. Pat. No. 8,494,572 on Jul. 23, 2013, which

claims priority to Provisional Application No. 61/075,261
entitled A METHOD AND APPARATUS FOR POWER

CONTROL PRACH TO PUSCH, filed Jun. 24, 2008, each

assigned to the assignee hereot, and each of which 1s hereby
expressly incorporated by reference herein in 1ts entirety.

BACKGROUND

Field
The present disclosure relates generally to communica-
tion and more specifically to techniques for controlling

transmission power of a first message of a physical uplink
shared channel (PUSCH) during a random access channel
(RACH) procedure.

Background

Wireless communication systems are widely deployed to
provide various types of communication content such as
voice, data, and so on. These systems may be multiple-
access systems capable of supporting communication with
multiple users by sharing the available system resources
(c.g., bandwidth and transmit power). Examples of such
multiple-access systems 1include code division multiple
access (CDMA) systems, time division multiple access
(TDMA) systems, Irequency division multiple access
(FDMA) systems, and orthogonal frequency division mul-
tiple access (OFDMA) systems.

Generally, a wireless multiple-access communication sys-
tem can simultaneously support communication for multiple
wireless terminals. Each terminal communicates with one or
more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the
communication link from the base stations to the terminals,
and the reverse link (or uplink) refers to the communication
link from the terminals to the base stations. This commu-
nication link may be established via a single-in-single-out,
multiple-in-signal-out or a multiple-in-multiple-out
(MIMO) system.

The 3rd Generation Partnership Project (3GPP) Long
Term Evolution (LTE) represents a major advance 1n cellular
technology and 1s the next step forward in cellular services
as a natural evolution of Global System for Mobile com-
munications (GSM) and Universal Mobile Telecommunica-
tions System (UMTS). LTE provides for an uplink speed of
up to 75 megabits per second (Mbps) and a downlink speed
of up to 300 Mbps and brings many technical benefits to
cellular networks. LTE 1s designed to meet carrier needs for
high-speed data and media transport as well as high-capacity
voice support well into the next decade. Bandwidth 1s
scalable from 1.25 MHz to 20 MHz. Thus suits the needs of
different network operators that have different bandwidth
allocations, and also allows operators to provide different
services based on spectrum availability. LTE 1s also
expected to 1improve spectral efliciency of 3G networks,

allowing carriers to provide more data and voice services
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over a given bandwidth. LTE encompasses high-speed data,
multimedia unicast and multimedia broadcast services.

The LTE physical layer (PHY) 1s a highly eflicient means
of conveying both data and control information between an
enhanced base station (eNodeB) and mobile user equipment
(UE). The LTE PHY employs some advanced technologies.
These include Orthogonal Frequency Division Multiple
Access (OFDMA) and Multiple Input Multiple Output
(MIMO) data transmission on the downlink (DL) and Single
Carrier—Frequency Division Multiple Access (SC-FDMA)
on the uplink (UL). OFDMA and SC-FDMA allow data to
be directed to or from multiple users on a set of subcarriers
basis denoted by resource block (RB) for a specified number
of symbol periods.

The Medium Access Control (MAC) layer 1s above the
physical layer and performs uplink functions that include
random access channel, scheduling, building headers, eftc.
Transport channels at the MAC layer are mapped onto PHY
layer channels. The Uplink Shared Channel (UL-SCH) 1s the
primary transport channel for data transmission on the UL
and 1s mapped onto the Physical Uplink Shared Channel
(PUSCH). Format varniables are resource assignment size,
modulation and coding, which determine data rate. When
the UE 1s not connected or 1s not synchronmized, no transmit
subiframes are scheduled. The Random Access Channel
(RACH) provides a means for disconnected or not synchro-
nized devices to access the UL. Transmitting on the PUSCH
requires a resource allocation from the eNodeB, and time
alignment to be current. Otherwise the RACH procedure 1s
used.

The RACH procedure 1s used 1n four cases: 1nitial access
from a disconnected state (RRC_IDLE) or radio failure;
handover requiring a random access procedure; downlink
(DL) data arrival during RRC_CONNECTED atfter UL PHY
has lost synchronization (possibly due to power savings
operation); or UL data arrival when there 1s no dedicated
scheduling request (SR) on PUCCH channels available.
There are two forms for RACH transmission: Contention-
based, which can apply to all four events above, and
noncontention based, which applies to only handover and
DL data arrival. The difference 1s whether or not there 1s a
possibility for failure using an overlapping RACH preamble.

SUMMARY

The following presents a simplified summary 1n order to
provide a basic understanding of some aspects of the dis-
closed aspects. This summary 1s not an extensive overview
and 1s intended to neither 1dentity key or critical elements
nor delineate the scope of such aspects. Its purpose 1s to
present some concepts of the described features 1 a sim-
plified form as a prelude to the more detailed description that
1s presented later.

In accordance with one or more aspects and correspond-
ing disclosure thereof, various aspects are described 1n
connection with transmitting a first transmission on a Physi-
cal Uplink Shared Channel (PUSCH) by appropriate appli-
cation of transmit power control. The prior steps of Random
Access Channel (RACH) procedure are performed by the
Medium Access Control (MAC) layer and not by the Physi-
cal (PHY) layer, so the PHY layer does not know what
transmit power level to set for this first message. To that end,
Transmit Power Control (TPC) level used for successiul
transmission on Physical Random Access Channel
(PRACH) can be communicated to an evolved Base Node
(eNB) to generate a TPC command based at least in part
upon power spectral density used for transmission of the first
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PUSCH message. Alternatively, a MAC layer of the UE
managing transmission of RACH preamble can communi-
cate the successiul TPC level to a physical (PHY) layer of
the UE that transmits the first PUSCH message.

In one aspect, a method 1s provided for transmitting a first
physical uplink shared channel (PUSCH) message during a
Random Access (RACH) procedure by employing a proces-
sor executing computer executable mstructions stored on a
computer readable storage medium to implement the fol-
lowing acts: Transmit power control 1s performed on trans-
mitting a random access channel (RACH) preamble sufli-
cient for successiul receipt. Transmit power control 1s set for
a first message transmitted on a physical uplink shared
channel (PUSCH) based at least 1n part upon the success-
tully transmitted RACH preamble.

In another aspect, a computer program product is pro-
vided for transmitting a first physical uplink shared channel
(PUSCH) message during a Random Access (RACH) pro-
cedure. At least one computer readable storage medium
stores computer executable instructions that when executed
by at least one processor implement components. A {irst set
of 1nstructions causes a computer to perform transmit power
control on transmitting a random access channel (RACH)
preamble suflicient for successiul receipt. A second set of
instructions causes the computer to set transmit power
control for a first message transmitted on a physical uplink
shared channel (PUSCH) based at least in part upon the
successiully transmitted RACH preamble.

In an additional aspect, an apparatus 1s provided for
transmitting a {irst physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure. At
least one computer readable storage medium stores com-
puter executable mstructions that when executed by at least
one processor implement components. Means are provided
for performing transmit power control on transmitting a
random access channel (RACH) preamble suflicient for
successiul receipt. Means are provided for setting transmait
power control for a first message transmitted on physical
uplink shared channel (PUSCH) based at least 1n part upon
the successtully transmitted RACH preamble.

In a further aspect, an apparatus 1s provided for transmit-
ting a first physical uplink shared channel (PUSCH) mes-
sage during a Random Access (RACH) procedure. A trans-
mitter transmits a physical random access channel (PRACH)
and physical uplink shared channel (PUSCH). A medium
access control (MAC) layer performs transmit power control
on transmitting a random access channel (RACH) preamble
suilicient for successiul receipt. A physical (PHY) layer sets
transmit power control for a first message transmitted on
physical uplink shared channel (PUSCH) based at least in
part upon the successiully transmitted RACH preamble.

In yet one aspect, a method 1s provided for recerving a first
physical uplink shared channel (PUSCH) message during a
Random Access (RACH) procedure. A random access chan-
nel (RACH) preamble 1s recerved. Successtul receipt of the
RACH preamble 1s acknowledged. A RACH message 1s
received containing an indication of transmit power control
used for the successtul RACH preamble transmission. A
random access response (RAR) 1s transmitted including a
transmit power control (TPC) command for a first message
transmitted on physical uplink shared channel (PUSCH)
based at least 1n part upon a transmit power control for the
successiully received RACH preamble.

In yet another aspect, a computer program product 1s
provided for receiving a first physical uplink shared channel
(PUSCH) message during a Random Access (RACH) pro-

cedure. At least one computer readable storage medium
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stores computer executable structions that when executed
by at least one processor implement components. A first set

ol instructions causes a computer to receive a random access
channel (RACH) preamble. A second set of instructions
causes the computer to acknowledge successiul receipt of
the RACH preamble. A third set of instructions causes the
computer to receive RACH message containing an indica-
tion of transmit power control used for the successtul RACH
preamble transmission. A fourth set of instructions causes
the computer to transmit a random access response (RAR)
including a transmit power control (TPC) command for a
first message transmitted on physical uplink shared channel
(PUSCH) based at least in part upon a transmit power
control for the successtiully received RACH preamble.

In yet an additional aspect, an apparatus 1s provided for
receiving a first physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure. At
least one computer readable storage medium stores com-
puter executable instructions that when executed by the at
least one processor implement components. Means are pro-
vided for receiving a random access channel (RACH) pre-
amble. Means are provided for acknowledging successiul
receipt of the RACH preamble. Means are provided for
receiving a RACH message containing an indication of
transmit power control used for successiul RACH preamble
transmission. Means are provided for transmitting a random
access response (RAR) including a transmit power control
(TPC) command for a first message transmitted on physical
uplink shared channel (PUSCH) based at least 1n part upon
a transmit power control for the successiully received
RACH preamble.

In yet a further aspect, an apparatus 1s provided for
receiving a first physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure. A
receiver receives a random access channel (RACH) pre-
amble on a physical random access channel (PRACH). A
transmitter acknowledges successtul receipt of the RACH
preamble. The receiver receives RACH message containing
an 1ndication of transmit power control used for successiul
RACH preamble transmission. A computing platform trans-
mits via the transmitter a random access response (RAR)
including a transmit power control (1PC) command for a
first message transmitted on physical uplink shared channel
(PUSCH) based at least in part upon a transmit power
control for the successtiully received RACH preamble.

To the accomplishment of the foregoing and related ends,
one or more aspects comprise the features hereinaiter fully
described and particularly pointed out 1n the claims. The
tollowing description and the annexed drawings set forth 1n
detail certain 1llustrative aspects and are indicative of but a
few of the various ways i which the principles of the
aspects may be employed. Other advantages and novel
teatures will become apparent from the following detailed
description when considered 1n conjunction with the draw-
ings and the disclosed aspects are itended to include all
such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, nature, and advantages of the present dis-
closure will become more apparent from the detailed
description set forth below when taken in conjunction with
the drawings 1 which like reference characters identify
correspondingly throughout and wherein:

FIG. 1 depicts a message exchange diagram of a wireless
communication system i1n which user equipment (UE) bases
transmit power control i part of a first message on a
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physical uplink shared channel (PUSCH) on a successiully
received random access channel (RACH) preamble during a

RACH procedure.

FIG. 2 depicts a flow diagram for a methodology or
sequence of operations for transmit power control of a first
PUSCH message during RACH procedure.

FIG. 3 depicts a block diagram of base stations serving
and interfering with a population of terminals.

FIG. 4 depicts a block diagram of a multiple access
wireless communication system.

FIG. 5 depicts a block diagram of a communication
system between a base station and a terminal.

FIG. 6 depicts a block diagram of a network architecture
and protocol stack.

FIG. 7 depicts a block diagram for a system containing
logical groupings of electrical components for transmitting
a first physical uplink shared channel (PUSCH) message
during a Random Access (RACH) procedure.

FIG. 8 depicts a block diagram for a system containing,
logical groupings of electrical components for commanding
transmit power control for a first physical uplink shared
channel (PUSCH) message during a Random Access
(RACH) procedure.

FIG. 9 depicts a block diagram for an apparatus having
means for transmitting a first physical uplink shared channel
(PUSCH) message during a Random Access (RACH) pro-
cedure.

FIG. 10 depicts a block diagram for an apparatus having
means for commanding transmit power control for a first

physical uplink shared channel (PUSCH) message during a
Random Access (RACH) procedure.

DETAILED DESCRIPTION

Transmit power 1s controlled for a first uplink data trans-
mission on a Physical Uplink Shared Channel (PUSCH)
during a random access channel (RACH) procedure. Power
control adjustment for the first PUSCH (comprise uplink
channel information) transmission 1s advantageously per-
formed relative to the power spectral density used for the
successiul PRACH preamble transmission. The uplink
Physical Random Access Channel (PRACH) carries the
RACH information that 1s transmitted by the user equipment
(UE) during registration, base station (BS) originated calls,
ctc. A PRACH 1s composed of two parts: a number of
preambles and a message portion. The preambles are a series
of transmissions that may increase 1 power according to the
power step setting until the maximum number of preambles
1s reached or the base station acknowledges receiving the
preamble or the UE maximum transmit power 1s reached.
Once the UE receives an acknowledgement through RACH
message 2 transmission or random access response (RAR)
from the eNB, 1t transmits the message portion of the RACH
(message 3). A Transmit Power Control (TPC) command 1s
found 1n the random access response (RAR). According to
some aspects, the power control command 1n the random
access response message indicates a difference relative to
PRACH Transmit (ITx) power spectral density. This 1s a
special case of PUSCH transmit power control.

Various aspects are now described with reference to the
drawings. In the following description, for purposes of
explanation, numerous specific details are set forth 1n order
to provide a thorough understanding of one or more aspects.
It may be evident, however, that the various aspects may be
practiced without these specific details. In other instances,
well-known structures and devices are shown in block
diagram form 1n order to facilitate describing these aspects.
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With reference to FIG. 1, a communication system 100 of
user equipment (UE) 102 communicating wirelessly with an
evolved Base Node (eNB) 104 supports a contention-based
Random Access (RACH) procedure 106 that benefits from
transmit power control (TPC) of a first message sent on a
Physical Uplink Shared Channel (PUSCH) by a Physical
(PHY) Layer 108. To that end, a medium access control
(MAC) 110 performs transmit power control (TPC) during
stage 1 112 on Random Access Channel (RACH) and shares
TPC data as depicted at 114 with the PHY 108.

In an exemplary depiction, the MAC 110 performs TPC
by transmitting a random access preamble (block 116) on a
Physical Random Access Channel (PRACH) from the UE
102 to the eNB 104 at a nominal transmit power level as
depicted at 117. This nominal transmit power level may be
based on the DL path loss and the UE 102 can have gained
information via the various system information blocks (SIB
s) from the eNB 104 indicating Physical Random Access
Channel (PRACH) timing and resources and contention
management parameters (e.g., number of retries, etc.). MAC
110 determines that the lack of a received random access
response (RAR) indicates that the random access preamble
was not received at a nominal transmit power and sets a
stepped up transmit power as depicted at 118. MAC 110
retransmits a random access preamble (block 120). MAC
110 determines that a maximum number of preamble
retransmissions has not occurred and that the lack of a
received random access response (RAR) indicates that the
random access preamble was not received at the stepped up
transmit power. In particular, MAC 110 continues retrans-
mitting a RACH preamble at a stepped up transmit power
value 1n response to not receiving a random access response
until the maximum number 1s reached. In the illustrative
depiction, MAC 110 sets a twice stepped up transmit power
as depicted at 122 and retransmits a random access preamble
(block 124).

Stage 2 126 occurs with a successiully received RAR
(block 128) from the eNB 104. This RAR 128 can provide
information such as an assigned temporary Radio Network
Temporary Identifier (RNTI) for UE 102 and schedules
uplink grant so that UE 102 can forward more capability

information. By virtue of monitoring the number of retrans-
missions with corresponding transmit power increases,
MAC 110 gains some TPC data 114 for sharing for success-
tul first PUSCH transmission. Thus in stage 3 129, the PHY
108 successiully sets TPC as depicted at 130 and transmuits
the first PUSCH scheduled transmission (block 132) to the
eNB 104. Thereafter, the eNB 104 transmits contention
resolution message (block 134) as stage 4 136, concluding
the RACH procedure 106.

It should be appreciated that there are many other factors
in determining the transmit power that can be addressed or

approximated. Advantageously, TPC can determine power
spectral density of PRACH, adjusted based on PUSCH

bandwidth relative to PRACH bandwidth (e.g., fixed at 6
dB), the payload size of message 3 (which impacts the
receiver sensitivity of PUSCH 1n relation to the sensitivity of
PRACH reception), potential noise/interference variations
between PRACH and PUSCH, and other possible reasons.

As an alternative to relaying transmit power control data
between MAC layer 110 and PHY layer 108 1n UE 102 (e.g.,
locally retained value), the UE 102 can include TPC data 1n
the random access preamble 116, 120, 124, depicted as
nominal transmit power 1(0) 138, first stepped up transmit
power 1(1) 140, and second stepped up transmit power 1(2)
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142. The eNB 104 successiully receives the last one and
incorporates a transmit power control (1PC) command 144
as part of the RAR 128.

In FIG. 2, a methodology or sequence of operations 200
1s provided for transmitting a first physical uplink shared
channel (PUSCH) message during a Random Access
(RACH) procedure. Transmit power control 1s performed on
transmitting a random access channel (RACH) preamble at
a nominal transmit power value managed by a medium
access control (MAC) layer (block 202). Transmit power
control for PRACH transmission 1s performed by increasing
in equal power steps 1n response to failing to receive a
positive indication of RACH preamble reception, which can
turther entail determining the relative transmit power control
by determining a maximum transmit power that limits the
number of equal power steps (block 204). In another aspect,
these power steps can be equal or unequal as predefined in
a manner known or communicated between UE and eNB. A
RACH preamble 1s retransmitted at the stepped up transmuit
power value (block 206). A relative transmit power control
1s determined by tracking a number of equal power steps
(block 208). A positive indication of RACH preamble recep-
tion 1s recerved (block 210). An indication of transmit power
on PRACH 1s encoded by transmitting a message portion
containing message data and control data including an
independent power gain control (block 212). Indicated trans-
mit power control can be achieved, for instance, by having
the MAC layer encode this indication. A transmit power
control command for PUSCH 1s received with the random
access response (RAR) comprising a relative power density
spectrum change from transmit power used for a preceding
successiul transmission of the RACH preamble (block 214).
Transmit power control 1s set for the first message transmit-
ted on physical uplink shared channel (PUSCH) and man-
aged by a physical (PHY) layer in accordance with the
transmit power command that was based in part upon a last
successiully transmitted RACH preamble including power
spectral density (block 216). Adjustments are made to the
PUSCH transmit power level for compensating for band-
width differences, an ofiset or ofisets for the RACH pre-
amble that are not applicable to PUSCH, etc. (block 218).
For example, the methodology can further provide for
adjusting for a partial path loss on PUSCH whereas total
power control for PRACH 1s for full path loss, for adjusting
for power oflset representing different message receive
sensitivity/quality requirement of PRACH and PUSCH
wherein the relative receive sensitivity 1s a function of a
coverage requirement, target quality, physical layer coding,
modulation, transmission bandwidth, and for adjusting for a
power oflset for different noise/interference levels seen by
PRACH transmission and PUSCH transmission.

Thus, 1n an exemplary aspect, PRACH power control 1s
leveraged for transmit power control by the physical layer of
the first PUSCH message relative to the power spectral
density of the successiul PRACH transmission and the TPC
in the random access response and perhaps other factors. In
one aspect, a random access response (RAR) carries a
Transmission Control Protocol (TPC) command of (e.g., 3
or 4 bits). The TPC may provide a delta with respect to only
the nominal PUSCH power spectral density, given the
received PRACH power spectral density. However, due to
PRACH power ramping (performed by MAC) the eNB
cannot know the actual transmit power of PRACH, and
therefore cannot provide a delta with respect to nominal
PUSCH power spectral density. With PRACH power ramp
up steps of up to 6 dB, such power control uncertainty seems
unacceptable. Instead, the TPC provides a delta with respect
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to the power spectral density of the successiul PRACH
transmission being responded to in the random access
response.

For mstance, a starting point for cumulative power control
transmit power 1{0) 1s set as follows:

A0)=Ppr4cr—10 1og,0(6)-Po_puscali)+
6R4CH_PUSCH

where

subtracting 10 log,, (6) normalizes the transmit power to
1 RB. Note that this value 1s later modified by 10 log,,
(M -7 <z (1)); It should be appreciated that while PRACH
bandwidth 1s fixed at 6 RBs, PUSCH bandwidth, represented
by M_PUSCH(1) may vary. The transmit power control of
the first PUSCH transmission 1s to rely on the PSD of
PRACH, and 1s then adjusted accounting for bandwidth
difference.

P,» .,z 18 defined as provided below; and

Oricr rusce 15 the TPC command included 1n the ran-
dom access response. The first PUSCH transmission will
therefore use power relative to the successtul PRACH
transmission:

P PUSCH(l):miH{P vax10 logy oMprscp(1))+0-PL+
Are(1)+Ppr4cer—10 logo(6)+0z 4 C‘H_PUSCH}

Physical Random Access Channel.

UE behavior. The setting of the UE Transmit power
P .. .~z fOr the physical random access channel (PRACH)
transmission in subirame 1 1s defined by:

Pprice—min{ P, PREAMBLE_RECEIVED_TAR-
GET_POWER-PL} [dBm]

where,

P,,,+1s the maximum allowed power that depends on the
UE power class;

PREAMBLE_RECEIVED_TARGET_POWER 1s indi-
cated by the upper layer as part of the request;

PL 1s the downlink pathloss estimate calculated in the UE.

Uplink power control. Uplink power control controls the
transmit power of the different uplink physical channels. A
cell wide overload indicator (OI) 1s exchanged over X2 for
inter-cell power control. An i1ndication X also exchanged
over X2 indicates PRBs that an eNodeB scheduler allocates
to cell edge UEs and that will be most sensitive to inter-cell
interference.

Physical Uplink Shared Channel.

With regard to UE behavior according to some aspects,
the setting ol the UE Transmit power P, for the
physical uplink shared channel (PUSCH) transmission in
subirame 1 (1z1) 1s defined by

Ppysca(i)=min{ P10 logo(Mpyscali))+
Po_puscaH 0 PL+A (D) +(0) }
|[dBm], where,

P,, .+ 1s the maximum allowed power that depends on the
UE power class;

M ., r<~2A1) 1s the size of the PUSCH resource assignment
expressed 1n number of resource blocks valid for subirame
i;

P, »rrece/1) 18 a parameter composed of the sum of a 8-bit
cell specific nominal component P, roninvir prrccrdl) S12-
naled from higher layers for j=0 and 1 in the range of
[426,24] dBm with 1 dB resolution and a 4-bit UE specific
component P, ;~ »7<c7z (1) configured by RRC for 1=0 and
1 in the range of [-8, 7] dB with 1 dB resolution. For
PUSCH (re)transmissions corresponding to a configured
scheduling grant then 1=0 and for PUSCH (re)transmissions
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corresponding to a received PDCCH with DCI format O
associated with a new packet transmission then j=1.

ael{0, 0.4,0.5,0.6,0.7,0.8, 0.9, 1} is a 3-bit cell specific
parameter provided by higher layers;

PL 1s the downlink pathloss estimate calculated 1n the UE;

A, (1)=10 log,,(2ME®*"s_1) for K~125 and 0 for K.=0
where K. 1s a cell specific parameter given by RRC;

MPR@G)=TBS(1)/N, (1) where TBS(1) 1s the Transport
Block Size for subframe 1 and N,.(1) 1s the number of
resource clements determined as N, -(1)=
2M,., roerA)'N_52N__ “* for subframe 1.

_ symb
Oprreczr 18 @ UE

specific correction value, also referred to
as a TPC command and 1s included in PDCCH with DCI
format O or jomntly coded with other TPC commands 1n
PDCCH with DCI format 3/3A. The current PUSCH power
control adjustment state 1s given by 1(1) which 1s defined by:

1(1)=1 (1-1)+0,;rcrr/(1-K 57 re77), 121, 1T 1(*) represents
accumulation, where the value of K, <~z 1s given by: For
FDD, KPUSCH—AZ For TDD UL/DL configurations 1-6,
K -7z 18 given 1n Table 1 below; and for TDD UL/DL
configuration O, KPUSCH 7. The latter apphes when the
PUSCH transmission in subirame 2 or 7 1s scheduled with
a PDCCH of DCI format 0 in which the second bit of the UL
index 1s set.

For all other PUSCH transmissions, K ..~z 15 given in
TABLE 1. The UE attempts to decode a PDCCH of DCI

format O and a PDCCH of DCI format 3/3A in every
subirame except when 1n DRX.

Oprrcr7—0 dB for a subframe where no TPC command 1s
decoded or where DRX occurs or 1 1s not an uplink subframe
in TDD.

The 0,7 dB accumulated values signaled on PDCCH
with DCI format O are [-1, 0, 1, 3].

The 0,; .- dB accumulated values signaled on PDCCH

with DCI format 3/3A are one of [-1, 1] or [-1, O, 1, 3] as
semi-statically configured by higher layers.

If UE has reached maximum power, positive TPC com-
mands shall not be accumulated.

If UE has reached mimimum power, negative TPC com-
mands shall not be accumulated.

UE shall reset accumulation (a) at cell-change; (b) when
entering/leaving RRC active state; (¢) when an absolute TPC
command 1s received; (d) when P, ;= »r<czr (1) 18 received;
and (e) when the UE (re)synchronizes.

1(1)=0 pf rer/1-Kprrezr), 1221, 11 1(*) represents current
absolute value

where 0, ¢y (1- PUSCH) was signaled on PDCCH with
DCI format O on subframe 1-K . rc~77-

The value of K., .- for FDD, KPUSCH—4 tor 'TDD
UL/DL configurations 1-6, K4, <z 18 gwen in TABLE 1;
and for TDD UL/DL Conﬁguratlon 01s gwen by whether the
PUSCH transmission in subirame 2 or 7 i1s scheduled with
a PDCCH of DCI format 0 in which the second bit of the UL
index 1s set, K, <=/ and for all other PUSCH transmis-

s1omns, K5, <~z 18 given 1n TABLE 1.

The 0,,,.- dB absolute values signaled on PDCCH with
DCI format O are [-4, -1, 1, 4]. {(1)=1(1-1) for a subirame
where no PDCCH with DCI format O 1s decoded or where
DRX occurs or 1 1s not an uplink subirame in TDD. 1(*) type
(accumulation or current absolute) 1s a UE specific param-
cter that 1s given by RRC. For both types of 1(*) (accumu-
lation or current absolute) the first value 1s set as follows:

S )=Pprace10 log,o(6)-Po prscali)+
O 4 CH PUSCH

where Oz, ez puscy the TPC command indicated 1n the
random access response.
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TABLE 1

K orrerzr Tor TDD configuration 0-6.

TDD UL/DL subirame number 1

Configuration 0 1 2 3 4 5 6 7 8 9
0 - — 6 7 — — 6 7 4
1 - — 6 4 - — — 6 4 —
2 - — 4 - - — — 4
3 - — 4 4 4 —
4 - — 4 4 S —
5 - — 4 - - = —
6 - — 7 7 5 — — 7 7 —

POWER HEADROOM. The UE
valid for subframe 1 1s defined by

power headroom PH

PH(i)=P114x—110 log,o(Mpyrsca(i))+P o _puscel)+
- PL+A A TF(@)+fi) } [dB]

where, Py Mpuscr(D)s Po puscedl)s & PL, Az (TF(1))
and 1(1) are known to those skilled in the art. The power

headroom can be rounded to the closest value in the range
[40; -23] dB with steps of 1 dB and 1s delivered by the
physical layer to higher layers.

In the example shown in FIG. 3, base stations 310a, 3105
and 310c may be macro base stations for macro cells 302a,
30256 and 302c¢, respectively. Base station 310x may be a
pico base station for a pico cell 302x communicating with
terminal 320x. Base station 310y may be a femto base station
for a femto cell 302y communicating with terminal 320y.
Although not shown 1n FIG. 3 for simplicity, the macro cells
may overlap at the edges. The pico and femto cells may be
located within the macro cells (as shown 1n FIG. 3) or may
overlap with macro cells and/or other cells.

Wireless network 300 may also include relay stations,
¢.g., a relay station 310z that communicates with terminal
320z. A relay station 1s a station that receives a transmission
of data and/or other information from an upstream station
and sends a transmission of the data and/or other informa-
tion to a downstream station. The upstream station may be
a base station, another relay station, or a terminal. The
downstream station may be a terminal, another relay station,
or a base station. A relay station may also be a terminal that
relays transmissions for other terminals. A relay station may
transmit and/or receive low reuse preambles. For example,
a relay station may transmit a low reuse preamble 1in similar
manner as a pico base station and may receive low reuse
preambles 1 similar manner as a terminal.

A network or system controller 330 may couple to a set of
base stations and provide coordination and control for these
base stations. Network controller 330 may be a single
network entity or a collection of network entities. Network
controller 330 may communicate with base stations 310a-
310c¢ via a backhaul. Backhaul network communication 334
can facilitate point-to-point communication between base
stations 310a-310¢ employing such a distributed architec-
ture. Base stations 310a4-310¢ may also communicate with
one another, e.g., directly or indirectly via wireless or
wireline backhaul.

Wireless network 300 may be a homogeneous network
that includes only macro base stations (not shown in FIG. 3).
Wireless network 300 may also be a heterogeneous network
that includes base stations of diflerent types, e.g., macro base
stations, pico base stations, home base stations, relay sta-
tions, etc. These ditlerent types of base stations may have
different transmit power levels, different coverage areas, and
a different 1mpact on interference in the wireless network
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300. For example, macro base stations may have a high
transmit power level (e.g., 20 Watts) whereas pico and femto
base stations may have a low transmit power level (e.g., 3
Watts). The techniques described herein may be used for
homogeneous and heterogencous networks.

Terminals 320 may be dispersed throughout wireless
network 300, and each terminal may be stationary or mobile.
A terminal may also be referred to as an access terminal
(A1), a mobile station (MS), user equipment (UE), a sub-
scriber unit, a station, etc. A terminal may be a cellular
phone, a personal digital assistant (PDA), a wireless modem,
a wireless communication device, a handheld device, a
laptop computer, a cordless phone, a wireless local loop
(WLL) station, etc. A terminal may communicate with a
base station via the downlink and uplink. The downlink (or
torward link) refers to the communication link from the base
station to the terminal, and the uplink (or reverse link) refers
to the communication link from the terminal to the base
station.

A terminal may be able to communicate with macro base
stations, pico base stations, femto base stations, and/or other
types ol base stations. In FIG. 3, a solid line with double
arrows 1ndicates desired transmissions between a terminal
and a serving base station, which 1s a base station designated
to serve the terminal on the downlink and/or uplink. A
dashed line with double arrows indicates interfering trans-
missions between a terminal and a base station. An inter-
fering base station 1s a base station causing interference to a
terminal on the downlink and/or observing interterence from
the terminal on the uplink.

Wireless network 300 may support synchronous or asyn-
chronous operation. For synchronous operation, the base
stations may have the same frame timing, and transmissions
from different base stations may be aligned in time. For
asynchronous operation, the base stations may have different
frame timing, and transmissions from diflerent base stations
may not be aligned in time. Asynchronous operation may be
more common for pico and femto base stations, which may
be deployed 1indoors and may not have access to a synchro-
nizing source such as the Global Positioming System (GPS).

In one aspect, to improve system capacity, the coverage
area 302a, 3025, or 302¢ corresponding to a respective base
station 310a-310c¢ can be partitioned nto multiple smaller
areas (e.g., areas 304qa, 3045, and 304¢). Each of the smaller
areas 304a, 304bH, and 304¢ can be served by a respective
base transceiver subsystem (BTS, not shown). As used
herein and generally 1n the art, the term “sector” can refer to
a BTS and/or its coverage area depending on the context 1n
which the term 1s used. In one example, sectors 304a, 3045,
304¢ 1n a cell 302a, 302b, 302¢ can be formed by groups of
antennas (not shown) at base station 310a, where each group
ol antennas 1s responsible for communication with terminals
320 1n a portion of the cell 302a, 3025, or 302¢. For
example, a base station 310qa serving cell 302a can have a
first antenna group corresponding to sector 304a, a second
antenna group corresponding to sector 3045, and a third
antenna group corresponding to sector 304¢. However, it
should be appreciated that the various aspects disclosed
herein can be used 1n a system having sectorized and/or
unsectorized cells. Further, 1t should be appreciated that all
suitable wireless communication networks having any num-
ber of sectorized and/or unsectorized cells are itended to
tall within the scope of the hereto appended claims. For
simplicity, the term “base station” as used herein can refer
both to a station that serves a sector as well as a station that
serves a cell. It should be appreciated that as used herein, a
downlink sector 1mn a disjoint link scenario i1s a neighbor
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sector. While the following description generally relates to a
system 1n which each terminal communicates with one
serving access point for simplicity, 1t should be appreciated
that terminals can communicate with any number of serving
access points.

Referring to FIG. 4, a multiple access wireless commu-
nication system according to one aspect 1s illustrated. An

access point (AP) 400 includes multiple antenna groups, one
including 404 and 406, another including 408 and 410, and

an additional including 412 and 414. In FIG. 4, only two
antennas are shown for each antenna group, however, more
or fewer antennas may be utilized for each antenna group.
Access terminal (AT) 416 1s 1n communication with anten-
nas 412 and 414, where antennas 412 and 414 transmait
information to access terminal 416 over forward link 420
and receive information from access terminal 416 over
reverse link 418. Access terminal 422 1s in communication
with antennas 406 and 408, where antennas 406 and 408
transmit information to access terminal 422 over forward
link 426 and receive information from access terminal 422
over reverse link 424. In a FDD system, communication
links 418, 420, 424 and 426 may use diflerent frequencies
for communication. For example, forward link 420 may use
a different frequency then that used by reverse link 418.

Each group of antennas and/or the area in which they are
esigned to communicate 1s often referred to as a sector of
he access point. In the aspect, antenna groups each are
esigned to communicate to access terminals in a sector, of
he areas covered by access point 400.

In communication over forward links 420 and 426, the
transmitting antennas of access point 400 utilize beamiorm-
ing 1n order to improve the signal-to-noise ratio of forward
links for the different access terminals 416 and 422. Also, an
access point using beamiforming to transmit to access ter-
minals scattered randomly through its coverage causes less
interference to access terminals 1n neighboring cells than an
access point transmitting through a single antenna to all of
its access terminals.

An access point may be a fixed station used for commu-
nicating with the terminals and may also be referred to as an
access point, a Node B, or some other terminology. An
access terminal may also be called user equipment (UE), a
wireless communication device, terminal, or some other
terminology.

FIG. 5 shows a block diagram of a design of a commu-
nication system 500 between a base station 502 and a
terminal 504, which may be one of the base stations and one
of the terminals 1n FIG. 1. Base station 502 may be equipped
with TX antennas 534a through 534¢, and terminal 504 may
be equipped with RX antennas 552a through 552, where in
general Tz1 and Rz1.

At base station 502, a transmit processor 320 may receive
traflic data from a data source 512 and messages from a
controller/processor 540. Transmit processor 520 may pro-
cess (e.g., encoding, interleaving, and modulating) the traflic
data and messages and provide data symbols and control
symbols, respectively. Transmit processor 520 may also
generate pilot symbols and data symbols for a low reuse
preamble and pilot symbols for other pilots and/or reference
signals. A transmit (TX) multiple-input multiple-output
(MIMO) processor 530 may perform spatial processing
(e.g., precoding) on the data symbols, the control symbols,
and/or the pilot symbols, 11 applicable, and may provide T
output symbol streams to T modulators (MODs) 3532a
through 532¢. Each modulator 332 may process a respective
output symbol stream (e.g., for OFDM, SC-FDM, etc.) to
obtain an output sample stream. Each modulator 532 may
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turther process (e.g., convert to analog, amplify, filter, and
upconvert) the output sample stream to obtain a downlink
signal. T downlink signals from modulators 532a through
532¢ may be transmitted via T antennas 334a through 534+,
respectively.

At terminal 504, antennas 552a through 5527 may receive
the downlink signals from base station 502 and may provide
received signals to demodulators (DEMODs) 554a through
554y, respectively. Each demodulator 554 may condition
(e.g., filter, amplity, downconvert, and digitize) a respective
received signal to obtain mput samples. Each demodulator
554 may further process the mput samples (e.g., for OFDM,
SC-FDM, etc.) to obtain received symbols. A MIMO detec-
tor 556 may obtain received symbols from all R demodu-
lators 554a through 35547, perform MIMO detection on the
received symbols 11 applicable, and provide detected sym-
bols. A receive processor 558 may process (e.g., demodu-
late, deinterleave, and decode) the detected symbols, pro-
vide decoded tratlic data for terminal 504 to a data sink 560,
and provide decoded messages to a controller/processor 580.
A low reuse preamble (LRP) processor 384 may detect low
reuse preambles from base stations and provide information
for detected base stations or cells to controller/processor
580.

On the uplink, at terminal 504, a transmit processor 564
may receive and process traflic data from a data source 562
and messages from controller/processor 580. The symbols
from transmit processor 564 may be precoded by a TX
MIMO processor 368 1f applicable, further processed by
modulators 354a through 554r, and transmitted to base
station 502. At base station 3502, the uplink signals from
terminal 504 may be recerved by antennas 534, processed by
demodulators 532, detected by a MIMO detector 536 1f
applicable, and further processed by a recerve data processor
538 to obtain the decoded packets and messages transmitted
by terminal 504 for providing to a data sink 339.

Controllers/processors 340 and 380 may direct the opera-
tion at base station 502 and termunal 504, respectively.
Processor 5340 and/or other processors and modules at base
station 502 may perform or direct processes for the tech-
niques described herein. Processor 580 and/or other proces-
sors and modules at terminal 504 may perform or direct
processes for the techniques described herein. Memories
542 and 582 may store data and program codes for base
station 502 and terminal 504, respectively. A scheduler 544
may schedule terminals for data transmission on the down-
link and/or uplink and may provide resource grants for the
scheduled terminals.

In FIG. 6, a wireless network 600 1s depicted with user
equipment (UE) 602, an evolved Base Node (eNB) 604 and
a mobility management entity (IMME) 606. A radio interface
protocol architecture 608 can be provided according to the
3GPP radio access network standards. The radio interface
protocol 608 that utilizes a transceiver 610 has horizontal
layers comprising a physical (PHY) layer 612, a data link
layer 614, and a network layer 616, and has planes com-
prising a user plane (U-plane) 618 for transmitting user data
and a control plane (C-plane) 620 for transmitting control
information. The user plane 618 1s a region that handles
trathic information with the user, such as voice or Internet
protocol (IP) packets. The control plane 620 1s a region that
handles control information for an interface with a network,
maintenance and management of a call, and the like.

The protocol layer 1 (1) 612, namely, the physical layer
(PHY), communicates downwardly via physical channels
622 with transceiver 610. The physical layer 612 1s con-
nected to an upper layer called a medium access control
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(MAC) layer 624 of layer 2 (LL2) 614, via a transport channel
626 to provide an information transier service to an upper
layer by using various radio transmission techniques. The
second layer (LL2) 614 further includes a radio link control
(RLC) layer 628, a broadcast/multicast control (BMC) layer
(not shown), and a packet data convergence protocol
(PDCP) layer 630. The MAC layer 624 handles mapping
between logical channels 632 and transport channels 626
and provides allocation of the MAC parameters for alloca-
tion and re-allocation of radio resources. The MAC layer
624 1s connected to the upper layer called the radio link
control (RLC) layer 628, via the logical channels 632.
Various logical channels are provided according to the type
of information transmitted. The MAC layer 624 1s connected
to the physical layer 612 by transport channels 626 and can
be divided 1nto sub-layers, and 1n particular supports in the

uplink the Random Access Channel (RACH).

The RLC layer 628, depending on the RLC mode of
operation, supports reliable data transmissions and performs
segmentation and concatenation on a plurality of RLC
service data units (SDUs) delivered from an upper layer.
When the RLC layer 628 receives the RLC SDUs from the
upper layer, the RLC layer adjusts the size of each RLC
SDU 1n an appropriate manner based upon processing
capacity, and then creates data units by adding header
information thereto. These data units, called protocol data
units (PDUs), are transierred to the MAC layer 624 via a
logical channel 632. The RLC layer 628 includes a RLC
bufler (not shown) for storing the RLC SDUs and/or the
RLC PDUs.

The PDCP layer 630 1s located above the RLC layer 628.
The PDCP layer 630 1s used to transmit network protocol
data, such as IPv4 or IPv6, efliciently on a radio interface
with a relatively small bandwidth. For this purpose, the
PDCP layer 630 reduces unnecessary control information
used 1n a wired network, namely, a function called header
compression 1s performed. In some protocols, security fea-
tures such as ciphering and robust header compression
(RoHC) are performed by the PDCP layer 630.

A radio resource control (RRC) layer 634 located at the
lowest portion of the third layer (LL3) 616 1s only defined 1n
the control plane 620. The RRC layer 634 controls the
transport channels 626 and the physical channels 622 in
relation to setup, reconfiguration, and the release or cancel-
lation of the radio bearers (RBs). The RB signifies a service
provided by the second layer (1.2) 614 for data transmission
between the terminal and Evolved Umversal Mobile Tele-
communications System Terrestrial Radio Access Network
(E-UTRAN), represented by MME 606. In general, the set
up ol the RB refers to the process of stipulating the char-
acteristics ol a protocol layer and a channel required for
providing a specific data service, and setting the respective
detailed parameters and operation methods. Additionally,
the RRC layer 634 handles user mobility within the RAN,
and additional services, e.g., location services. The RRC
layer 634 receives control/measurements 635 from the
physical layer. Also 1n the control plane 620, the UE 602 and
MME 606 include a non-access stratum (NAS) 636.

With reference to FIG. 7, illustrated 1s a system 700 for
transmitting a first physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure. For
example, system 700 can reside at least partially within user
equipment (UE). It 1s to be appreciated that system 700 1s
represented as including functional blocks, which can be
functional blocks that represent functions implemented by at
least one processor, a, computer, computer program product,
set of structions, computing platform, processor, software,
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or combination thereof (e.g., firmware). System 700
includes a logical grouping 702 of electrical components
that can act 1n conjunction. For instance, logical grouping
702 can include an electrical component for performing
transmit power control on transmitting a random access
channel (RACH) preamble suflicient for successtul receipt
704. Moreover, logical grouping 702 can include an elec-
trical component for receiving a random access response
706. Further, logical grouping 702 can include an electrical
component for setting transmit power control for a first
message transmitted on physical uplink shared channel
(PUSCH) based at least 1n part upon the successiully trans-
mitted RACH preamble 708. Additionally, system 700 can
include a memory 720 that retains instructions for executing
functions associated with electrical components 704-708.
While shown as being external to memory 720, 1t 1s to be
understood that one or more of electrical components 704-
708 can exist within memory 720.

With reference to FIG. 8, illustrated 1s a system 800 for
receiving a first physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure. For
example, system 800 can reside at least partially within a
base station. It 1s to be appreciated that system 800 1s
represented as including functional blocks, which can be
tfunctional blocks that represent functions implemented by a
computing platform, processor, software, or combination
thereot (e.g., firmware). System 800 includes a logical
grouping 802 of eclectrical components that can act in
conjunction. For mstance, logical grouping 802 can include
an eclectrical component for receiving a random access
channel (RACH) preamble 804. Moreover, logical grouping
802 can include an electrical component for acknowledging
successiul receipt of the RACH preamble 806. Further,
logical grouping 802 can include an electrical component for
receiving a RACH message containing an indication of
transmit power control used for successiul RACH preamble
transmission 808. Logical grouping 802 can include an
clectrical component for transmitting a random access
response (RAR) including a transmit power control (TPC)
command for a first message transmitted on physical uplink
shared channel (PUSCH) based at least in part upon a
transmit power control for the received RACH preamble
810. Additionally, system 800 can include a memory 820
that retains instructions for executing functions associated
with electrical components 804-810. While shown as being
external to memory 820, 1t 1s to be understood that one or
more of electrical components 804-810 can exist within
memory 820.

With reference to FIG. 9, an apparatus 902 1s provided for
transmitting a first physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure.
Means 904 are provided for performing transmit power
control on transmitting a random access channel (RACH)
preamble suflicient for successtul receipt. Means 906 are
provided for receiving a random access response. Means 908
are provided for setting transmit power control for a first
message transmitted on physical uplink shared channel
(PUSCH) based at least 1n part upon the successtully trans-
mitted RACH preamble.

With reference to FIG. 10, an apparatus 1002 1s provided
for receiving a first physical uplink shared channel (PUSCH)
message during a Random Access (RACH) procedure.
Means 1004 are provided for recerving a random access
channel (RACH) preamble. Means 1006 are provided for
acknowledging successiul receipt of the RACH preamble.
Means 1008 are provided for receiving a RACH message
containing an indication of transmit power control used for
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successiul RACH preamble transmission. Means 1010 are
provided for transmitting a random access response (RAR)
including a transmit power control (ITPC) command for a
first message transmitted on physical uplink shared channel
(PUSCH) based at least in part upon a transmit power
control for the successtiully received RACH preamble.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techmiques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described 1n connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer soltware, or combinations of both. To clearly
illustrate this interchangeability of hardware and software,
various 1illustrative components, blocks, modules, circuits,
and steps have been described above generally in terms of
theirr functionality. Whether such functionality 1s 1mple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality 1n varying ways for each particular application, but
such 1implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.

As used in this application, the terms “component”,
“module”, “system”, and the like are intended to refer to a
computer-related entity, either hardware, a combination of
hardware and software, software, or software 1n execution.
For example, a component may be, but 1s not limited to
being, a process running on a Processor, a processor, an
object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an applica-
tion running on a server and the server can be a component.
One or more components may reside within a process and/or
thread of execution and a component may be localized on
one computer and/or distributed between two or more com-
puters.

The word “exemplary” 1s used herein to mean serving as
an example, instance, or illustration. Any aspect or design
described herein as “exemplary” 1s not necessarily to be
construed as preferred or advantageous over other aspects or
designs.

Various aspects will be presented in terms of systems that
may include a number of components, modules, and the like.
It 1s to be understood and appreciated that the various
systems may include additional components, modules, etc.
and/or may not include all of the components, modules, etc.
discussed 1n connection with the figures. A combination of
these approaches may also be used. The various aspects
disclosed herein can be performed on electrical devices
including devices that utilize touch screen display technolo-
gies and/or mouse-and-keyboard type interfaces. Examples
of such devices include computers (desktop and mobile),
smart phones, personal digital assistants (PDAs), and other
electronic devices both wired and wireless.

In addition, the various illustrative logical blocks, mod-
ules, and circuits described 1n connection with the embodi-
ments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other program-
mable logic device, discrete gate or transistor logic, discrete
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hardware components, or any combination thereof designed
to perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, €.g., a
combination of a DSP and a microprocessor, a plurality of
MICroprocessors, One Or more miCroprocessors 1n Conjunc-
tion with a DSP core, or any other such configuration.

Furthermore, the one or more versions may be imple-
mented as a method, apparatus, or article of manufacture
using standard programming and/or engineering techniques
to produce software, firmware, hardware, or any combina-
tion thereol to control a computer to implement the dis-
closed aspects. The term “article of manufacture” (or alter-
natively, “computer program product”) as used herein 1s
intended to encompass a computer program accessible from
any computer-readable device, carrier, or media. For
example, computer readable media can include but are not
limited to magnetic storage devices (e.g., hard disk, floppy
disk, magnetic strips . . . ), optical disks (e.g., compact disk
(CD), digital versatile disk (DVD) . . . ), smart cards, and
flash memory devices (e.g., card, stick). Additionally 1t
should be appreciated that a carrier wave can be employed
to carry computer-readable electronic data such as those
used 1n transmitting and receiving electronic mail or in
accessing a network such as the Internet or a local area
network (LAN). Of course, those skilled in the art waill
recognize many modifications may be made to this configu-
ration without departing from the scope of the disclosed
aspects.

The steps of a method or algorithm described in connec-
tion with the embodiments disclosed herein may be embod-
ied directly in hardware, in a software module executed by
a processor, or in a combination of the two. A soltware
module may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers,
hard disk, a removable disk, a CD-ROM, or any other form
of storage medium known 1n the art. An exemplary storage
medium 1s coupled to the processor such the processor can
read mformation from, and write information to, the storage
medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage
medium may reside 1 an ASIC. The ASIC may reside 1n a
user terminal. In the alternative, the processor and the
storage medium may reside as discrete components 1n a user
terminal.

The previous description of the disclosed embodiments 1s
provided to enable any person skilled in the art to make or
use the present disclosure. Various modifications to these
embodiments will be readily apparent to those skilled 1n the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the disclosure. Thus, the present disclosure 1s not
intended to be limited to the embodiments shown herein but
1s to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

In view of the exemplary systems described supra, meth-
odologies that may be implemented 1n accordance with the
disclosed subject matter have been described with reference
to several flow diagrams. While for purposes of simplicity of
explanation, the methodologies are shown and described as
a series of blocks, it 1s to be understood and appreciated that
the claimed subject matter 1s not limited by the order of the
blocks, as some blocks may occur 1n different orders and/or
concurrently with other blocks from what 1s depicted and
described herein. Moreover, not all 1llustrated blocks may be
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required to implement the methodologies described herein.
Additionally, 1t should be further appreciated that the meth-
odologies disclosed herein are capable of being stored on an
article of manufacture to facilitate transporting and trans-
ferring such methodologies to computers. The term article of
manufacture, as used herein, 1s itended to encompass a
computer program accessible from any computer-readable
device, carrier, or media.

It should be appreciated that any patent, publication, or
other disclosure matenal, in whole or 1n part, that 1s said to
be mcorporated by reference herein 1s incorporated herein
only to the extent that the incorporated material does not
contlict with existing definitions, statements, or other dis-
closure material set forth i1n this disclosure. As such, and to
the extent necessary, the disclosure as explicitly set forth
herein supersedes any contlicting material ncorporated
herein by reference. Any matenal, or portion thereot, that 1s
said to be incorporated by reference herein, but which
contlicts with existing definitions, statements, or other dis-
closure material set forth herein, will only be incorporated to

the extent that no conflict arises between that incorporated
material and the existing disclosure matenal.

What 1s claimed 1s:

1. A method for transmit power control by a user equip-
ment (UE), comprising:

receiving a random access response from an evolved

Node B (eNB) sent 1n response to a random access
channel preamble successtully received by the eNB,
the random access response comprising a transmit
power control command; and

setting transmit power control for a first message trans-

mitted on a physical uplink shared channel based, at
least 1n part, on the transmit power control command.

2. The method of claim 1, further comprising:

transmitting, to the eNB, the random access channel

preamble at a nominal transmit power level; and

retransmitting a random access channel preamble at a

power level higher than the nominal transmit power
level 1n response to failing to receive a positive 1ndi-
cation of reception of the random access channel pre-
amble transmitted at the nominal transmit power level.

3. The method of claim 2, wherein the nominal transmit
power level 1s signaled from higher layers.

4. The method of claim 2, further comprising:

obtaining a relative transmit power level of the random

access channel preamble received by the eNB, wherein
the relative transmit power level comprises a total
power from a power level of a first random access
channel preamble transmission to a power level of a
last random access channel preamble transmission.

5. The method of claim 4, further comprising setting the
transmit power control for the first message based, at least
in part, on the relative transmit power level.

6. The method of claim 1, further comprising:

managing transmission of the random access channel

preamble by a medium access control layer; and
managing transmission on the physical uplink shared
channel by a physical layer.

7. A method for transmit power control by an evolved
Node B (eNB), comprising:

transmitting a random access response to a user equip-

ment (UE) in response to a random access channel
preamble successiully received by the eNB, the random
access response comprising a transmit power control
command; and
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receiving a first message transmitted on a physical uplink
shared channel, wherein transmit power control for the
first message 1s based, at least 1n part, on the transmut
power control command.

8. The method of claim 7, further comprising:

receiving a random access channel preamble retransmit-

ted at a power level higher than a nominal transmit
power level, wherein the random access channel pre-
amble 1s retransmitted by the UE in response to not
recelving a positive indication of reception of a random
access channel preamble transmitted at the nominal
transmit power level.

9. The method of claim 8, wherein the nominal transmit
power level 1s signaled from higher layers.

10. The method of claim 8, wherein the transmit power
control for the first message 1s based, at least 1n part, on a
relative transmit power level of the random access channel
preamble received by the eNB.

11. The method of claim 10, wherein the relative transmait
power level comprises a total power from a power level of
a first random access channel preamble transmission to a
power level of a last random access channel preamble
transmission.

12. An apparatus for transmit power control by a user
equipment (UE), comprising:

means for receiving a random access response from an

evolved Node B (eNB) sent in response to a random
access channel preamble successiully received by the
e¢NB, the random access response comprising a trans-
mit power control command; and

means for setting transmit power control for a first mes-

sage transmitted on a physical uplink shared channel
based, at least 1n part, on the transmit power control
command.

13. The apparatus of claim 12, further comprising:

means for transmitting, to the eNB, the random access

channel preamble at a nominal transmit power level;
and

means for retransmitting a random access channel pre-

amble at a power level higher than the nominal transmat
power level 1n response to failing to receive a positive
indication of reception of the random access channel
preamble transmitted at the nominal transmit power
level.

14. The apparatus of claim 13, wherein the nominal
transmit power level 1s signaled from higher layers.

15. The apparatus of claim 13, further comprising:

means for obtaining a relative transmit power level of the

random access channel preamble received by the eNB,
wherein the relative transmit power level comprises a
total power from a power level of a first random access
channel preamble transmission to a power level of a
last random access channel preamble transmission.

16. The apparatus of claim 135, further comprising means
for setting the transmit power control for the first message
based, at least in part, on the relative transmit power level.

17. The apparatus of claim 12, further comprising:

means for managing transmission of the random access

channel preamble by a medium access control layer;
and

means for managing transmission on the physical uplink

shared channel by a physical layer.

18. An apparatus for transmit power control by an evolved
Node B (eNB), comprising:

means for transmitting a random access response to a user

equipment (UE) 1n response to a random access chan-
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nel preamble successiully received by the eNB, the
random access response comprising a transmit power
control command; and

means for receiving a first message transmitted on a

physical uplink shared channel, wherein transmit
power control for the first message 1s based, at least in
part, on the transmit power control command.

19. The apparatus of claim 18, further comprising:

means for recerving a random access channel preamble

retransmitted at a power level higher than a nominal
transmit power level, wherein the random access chan-
nel preamble 1s retransmitted by the UE 1n response to
not receiving a positive indication of reception of a
random access channel preamble transmitted at the
nominal transmit power level.

20. The apparatus of claam 19, wherein the nominal
transmit power level 1s signaled from higher layers.

21. The apparatus of claim 19, wherein the transmit power
control for the first message 1s based, at least 1n part, on a
relative transmit power level of the random access channel
preamble received by the eNB.

22. The apparatus of claim 21, wheremn the relative
transmit power level comprises a total power from a power
level of a first random access channel preamble transmission
to a power level of a last random access channel preamble
transmission.

23. An apparatus for transmit power control by a user
equipment (UE), comprising at least one processor config-
ured to:

recerve a random access response from an evolved Node

B (eNB) sent in response to a random access channel
preamble successiully received by the eNB, the random
access response comprising a transmit power control
command; and

set transmit power control for a first message transmitted

on a physical uplink shared channel based, at least 1n
part, on the transmit power control command; and

a memory coupled to the at least one processor.

24. The apparatus of claim 23, the at least one processor
turther configured to:

transmit, to the eNB, the random access channel preamble

at a nominal transmit power level; and

retransmit a random access channel preamble at a power

level higher than the nominal transmit power level 1n
response to failing to receive a positive idication of
reception of the random access channel preamble trans-
mitted at the nominal transmit power level.

25. The apparatus of claam 24, wherein the nominal
transmit power level 1s signaled from higher layers.

26. The apparatus of claim 23, the at least one processor
turther configured to:

obtain a relative transmit power level of the random

access channel preamble received by the eNB, wherein
the relative transmit power level comprises a total
power from a power level of a first random access
channel preamble transmission to a power level of a
last random access channel preamble transmission.

277. The apparatus of claim 26, the at least one processor
further configured to:

set the transmit power control for the first message based,

at least in part, on the relative transmit power level.

28. The apparatus of claim 23, the at least one processor
turther configured to:

manage transmission of the random access channel pre-

amble by a medium access control layer; and
manage transmission on the physical uplink shared chan-
nel by a physical layer.
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29. An apparatus for transmit power control by an evolved
Node B (eNB), comprising at least one processor configured
to:

transmit a random access response to a user equipment

(UE) 1n response to a random access channel preamble
successiully received by the eNB, the random access
response comprising a transmit power control com-
mand; and

receive a first message transmitted on a physical uplink

shared channel, wherein transmit power control for the
first message 1s based, at least 1n part, on the transmait
power control command; and

a memory coupled to the at least one processor.

30. The apparatus of claim 29, the at least one processor
turther configured to:

receive a random access channel preamble retransmitted

at a power level higher than a nominal transmit power
level, wherein the random access channel preamble 1s
retransmitted by the UE 1 response to not receiving a
positive indication of reception of a random access
channel preamble transmitted at the nominal transmuit
power level.

31. The apparatus of claim 30, whereimn the nominal
transmit power level 1s signaled from higher layers.

32. The apparatus of claim 30, wherein the transmit power
control for the first message 1s based, at least 1n part, on a
relative transmit power level of the random access channel
preamble received by the eNB.
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33. The apparatus of claim 32, wherein the relative
transmit power level comprises a total power from a power
level of a first random access channel preamble transmission
to a power level of a last random access channel preamble
transmission.

34. A non-transitory computer-readable medium for trans-
mit power control by a user equipment (UE), comprising:

code for receiving a random access response from an

evolved Node B (eNB) sent in response to a random
access channel preamble successiully received by the

e¢NB, the random access response comprising a trans-
mit power control command; and

code for setting transmit power control for a first message
transmitted on a physical uplink shared channel based,
at least 1n part, on the transmit power control command.

35. A non-transitory computer-readable medium for trans-

mit power control by an evolved Node B (eNB), comprising;:

code for transmitting a random access response to a user
equipment (UE) 1n response to a random access chan-
nel preamble successiully received by the eNB, the
random access response comprising a transmit power
control command; and

code for receiving a first message transmitted on a physi-
cal uplink shared channel, wherein transmit power
control for the first message 1s based, at least in part, on
the transmit power control command.
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